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1. TITLE OF THE INVENTION 

HIGH EFFICIENCY TYPE DC-DC CONVERTER 

2. CLAIM 

A high efficiency type DC-DC converter of a PWM 
switching regulator type for obtaining a predetermined DC 
output voltage from a DC voltage source as an input power 
supply by controlling ON/OFF states of a switching transis- 
tor connected to the input power supply, characterized by 
comprising: 

first means for continuously activating a PWM 
control circuit section for controlling the ON/OFF states 
of the switching transistor when the output voltage of the 
DC-DC converter is equal to or larger than a predetermined 
value; and 

second means for intermittently activating the 
PWM control circuit section such that the output voltage of 
the DC-DC converter falls within a predetermined range when 
the output voltage is equal to or smaller than the prede- 
termined value. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[Summary of the Invention] 
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The present invention relates to a DC-DC convert- 
er- of a PWM switching regulator type, 

has an objective of solving the problem of the 
decrease in conversion efficiency owing to the power 
consumed by a continuously activated PWM control circuit 
section (which is generally implemented as an integrated 
circuit and called a "PWM switching regulator control IC" ) 
of a conventional DC-DC converter, irrespective of the 
magnitude of the power of a load, when the output power is 
low, and 

is characterized by including: first means for 
continuously activating the PWM control circuit section 
when the output voltage of the DC-DC converter is equal to 
or larger than a predetermined value; and second means for 
intermittently activating the PWM control circuit section 
when the output voltage is equal to or smaller than the 
predetermined value. 

[Field of the Invention] 
•The present invention relates to a DC-DC convert- 
er of a PWM (pulse width modulation) switching regulator 
type, and more particularly relates to a DC-DC converter 
exhibiting a significantly improved conversion efficiency 
when the output power is low. 

[Prior Art] 

A DC-DC converter of a switching regulator type 
is one of the DC-DC converters for converting a DC input 
voltage into a predetermined DC output voltage. Exemplary 
circuit, configurations of the DC-DC converter of a switch- 
ing regulator type are shown in Figures .8 and 9. 
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Specifically, Figure 8 shows a voltage step up 
DC-DC converter for outputting a boosted input voltage, and 
Figure 9 shows a voltage step down DC-DC converter for 
outputting a dropped input voltage. Since these conven- 
tional examples are well known, these conventional examples 
will be briefly described. In the voltage step up DC-DC 
converter shown in Figure 8, a battery 51 is used as a DC 
input voltage source, a switching transistor 53 is turned 
ON/ OFF by a PWM switching regulator control IC 54, and a 
capacitor 56 is charged with the current induced by a 
choke 52 via a diode 55, thereby obtaining a boosted DC 
output voltage. It is noted that resistors 57 and 58 shown 
in Figure 8 are provided for generating an output voltage 
monitor signal. The PWM pulse from the control IC 54 is 
controlled in response to the monitor signal, thereby 
maintaining, the output value at a constant value. 

Similarly, in the voltage step down DC-DC con- 
verter shown in Figure 9, a battery 61 is used as a DC 
input voltage source and a switching transistor 63 is 
turned ON/ OFF by a PWM switching regulator control IC 64 
thereby obtaining a DC output voltage, which has been 
smoothed by a choke 62 and a capacitor 66. It is noted 
that a diode 65 is a flywheel diode. 

[Problems to be Solved by the Invention] 
As the PWM switching regulator control IC of the 
DC-DC converter described in the Prior Art, a control IC of 
a bipolar type is frequently used. The control IC of a 
bipolar type has a wider operating oscillation frequency 
range and can be oscillated at a higher frequency (up to 
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500 Khz) as compared with a control IC of a CMOS type. As 
a result, the capacitance values of the choke and the 
capacitor in the main circuit can be reduced, and the 
conversion efficiency can be improved when the power 
supplied to the PWM switching regulator control IC is 
negligible because the output power is at a medium to high 
level. 

However, when the power supplied to the switching 
regulator control IC is non-negligible because the output 
power is at a low level, the conversion efficiency is 
extremely decreased. In a unit supplying power from a 
battery, in the case where the power is supplied to a load 
of about several mW to about several thousand mW and it 
takes a long time to supply the power to the load of about 
several mW, the battery power is wasted owing to the power 
consumption of the control IC itself. Thus, the control IC 
of the bipolar type cannot be regarded as a practical one. 

•In view of the above-described problems, the 
present invention has been devised for the purpose of 
providing a high efficiency type DC-DC converter which can 
significantly improve the conversion efficiency when the 
output power is low. 

[Means, for Solving the Problems] 

According to the present invention, the above- 
described objective is accomplished by the means recited in 
the claim. 

That is to say, the present invention is a high 
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efficiency type DC-DC converter of a PWM switching regula- 
tor type for obtaining a predetermined DC output voltage 
from a DC voltage source as an input power supply by 
controlling ON/OFF states of a switching transistor 
connected to the input power supply, including: 

first means for continuously activating a PWM 
control circuit section for controlling the ON/OFF states 
of the switching transistor when the output voltage of the 
DC-DC converter is equal to or larger than a predetermined 
value; and second means for intermittently activating the 
PWM control circuit section such that the output voltage of 
the DC-DC converter falls within a predetermined range when 
the output voltage is equal to or smaller than the prede- 
termined value. 

[Function] 

In the high efficiency type DC-DC converter of 
the present invention, when the power to be supplied to a 
load may be small, in order to solve the problem of the 
decrease .in power conversion efficiency because of the 
increase in the ratio of the power consumed by a PWM 
control circuit section (which is generally implemented as 
an IC and called a "PWM switching regulator control IC" ) 
for controlling the ON/OFF states of a switching transis- 
tor, the control IC is made to perform an essential PWM 
control when an excellent conversion efficiency is attained 
with a medium to high output power, and is made to perform 
an intermittent operation when the output power is low, 
thereby improving the conversion efficiency. 

[Examples] 
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Example 1 

Figure 1 shows the first example of the present 
invention, which is an example applying the present 
invention to a voltage step up DC-DC converter and provid- 
ing a control terminal (CTL) for instructing a switching 
regulator control IC to disable/enable the operation 



thereof . 



In Figure 1, the reference numeral 1 denotes a 
battery; 2 denotes a choke; 3 denotes a switching transis- 
tor (Trl); 4 denotes a switching regulator control IC; 5 
denotes a rectifying diode; 6 denotes a comparator; 7 
denotes a capacitor; 8 to 14 denote resistors; 15 to 17 
denote diodes; and 18 denotes a Zener diode. The section 
surrounded by the broken line is newly provided as an 
additional circuit section, as compared with the conven- 
tional voltage step up DC-DC converter shown in Figure 8. 

Hereinafter, the operation in this example will 
be described. 

The control IC 4 starts the operation thereof by 
setting the control terminal (CTL) at a low level. Thus, 
when the output power is at a medium to high level, a 
signal C from a load is set at a low level, for example, by 
detecting load current or turning the switch, thereby 
making the control IC 4 perform a normal PWM control 
operation. 

On the other hand, when the output power is at a 
low level, the signal C is set at a high level, thereby 
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making the control IC 4 perform an intermittent operation 
by using the additional circuit section. 

Specifically, the output voltage (Vout) is 
monitored by the comparator 6 by using the Zener voltage of 
the Zener diode 18 as a reference. As shown in the diagram 
showing the operating waveform in the first example of the 
present invention in Figure 2, when the output voltage 
decreases to reach V,, the output voltage (as indicated by 
a point b in Figure 1) of the comparator 6 decreases to the 
low level, the control IC 4 starts the PWM operation 
(generation of PWM pulses of several 100 Hz) and the output 
voltage starts to increase. Thereafter, when the output 
voltage reaches V 2 , the output of the comparator 6 reaches 
the high level, so that the operation of the control IC 4 
stops . 

By making the control IC 4 perform an intermit- 
tent operation in this manner (at a frequency of several 
100 Hz), the variations of the output voltage (Vout) can 
fall within a predetermined range ( AVout ) . 

It is noted that the voltage values V x and V 2 are 
determined by providing hysteresis characteristics for the 
comparator 6. 

Figure 3 is a diagram showing a modified example 
of the first example of the present invention, in which the 
control terminal ( CTL) for instructing the PWM switching 
regulator control IC to disable/enable the operation 
thereof is not provided. m Figure 3, the reference 
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numeral 20 denotes a transistor (Tr2) for turning ON/ OFF 
the power supplied to the control IC 4; 21 and 22 denote 
resistors; and the other reference numerals denote the same 
components as those of Figure 1. 

In this example, the power supplied to the 
control IC 4 is turned ON/OFF, thereby making the control 
IC 4 perform an intermittent operation. 

Figure 4 is a drawing illustrating the effect of 
the present invention: Figure 4(a) shows a case of a 
conventional example (during a normal operation); and 
Figures 4(b) and 4(c) show the cases of the present 
invention (performing a CTL control). In each of these 
figures, output voltages and current corresponding to input 
voltages and current and resulting conversion efficiencies 
are shown. 

Specifically, according to the present invention, 
the conversion efficiency when the output power is at a low 
level can be improved from 20-30% in a conventional example 
to 60-70%. 

Example 2 

Figure 5 is a diagram showing the second example 
of the present invention, which is an example applying the 
present invention to a voltage step down DC-DC converter. 
In this example, the section surrounded by the broken line 
is newly provided as an additional circuit section, as 
compared with the conventional circuit configuration shown 
in Figure 9. The reference numerals in Figure 5 are the 
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same as those in Figure 1. 

In addition, the operation of the additional 
circuit section within the broken line is also the same as 
that of Figure 1. As is illustrated by the diagram showing 
the operating waveform in the second example of the present 
invention in Figure 6, the output voltage (Vout) is con- 
trolled so as to vary in the range from V 3 to V 4 by making 
the control IC 4 perform an intermittent operation. 

Figure 7 is a diagram showing a modified example 
of the second example of the present invention, in which 
the control terminal (CTL) for controlling the control IC 4 
to disable/enable the operation thereof is not provided. 
In this example, the power supplied to the control IC 4 is 
turned ON/OFF by the transistor (Tr2) 20, thereby making 
the control IC 4 perform an intermittent operation. 

[Effect of the Invention] 
•As described above, the DC-DC converter of the 
present invention makes a control IC perform an essential 
PWM control when an excellent conversion efficiency is 
attained with a medium to high output power, and externally 
makes the control IC perform an intermittent operation when 
the output power is at a low level, thereby reducing the 
average power supplied to the control IC to 1/2 to 1/5. 
Consequently, the conversion efficiency can be improved 
from 20-30% to 60-70%. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram showing the first example 
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of the present invention; Figure 2 is a diagram showing the 
operating waveform in the first example of the present 
invention; Figure 3 is a diagram showing a modified example 
of the first example of the present invention; Figure 4 is 
a drawing illustrating the effect of the present invention; 
Figure 5 is a diagram showing the second example of the 
present invention; Figure 6 is a diagram showing the 
operating waveform in the second example of the present 
invention; Figure 7 is a diagram showing a modified example 
of the second example of the present invention; Figure 8 is 
a diagram showing an exemplary circuit configuration of a 
conventional voltage step up DC-DC converter; and Figure 9 
is a diagram showing an exemplary circuit configuration of 
a conventional voltage step down DC-DC converter. 

1: battery; 2 choke; 3 switching transistor 
(Trl); 4: PWM switching regulator control IC; 5: rectifying 
diode; 6: comparator; 7: capacitor; 8 to 14; resistors; 15 
to 17: diodes; 18: Zener diode; 20: transistor (Tr2); and 
21 and 22.: resistors. 
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2. CLAIM i 

A high efficiency type DC-DC converter of a PWM 
switching regulator type for obtaining a predetermined DC 
output voltage from a DC voltage source as an input power 
supply by controlling ON/OFF states of a switching transis- 
tor connected to the input power supply, characterized by 
comprising: 

first means for continuously activating a PWM 
control circuit section for controlling the ON/OFF states 
of the switching transistor when the output voltage of the 
DC-DC converter is equal to or larger than a predetermined 
value ; and 

second means for intermittently activating the 
PWM control circuit section such that the output voltage of 
th* DC-DC converter falls within a predetermined range when 
the output voltage is equal to or smaller than the prede- 
termined value. 

3. DETAILED DESCRIPTION OF THE INVENTION 

[Summary of the Invention] 
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The present invention relates to a DC-DC convert- 
er of a PWM switching regulator type, 

has an objective of solving the problem of the 
decrease in conversion efficiency owing to the power 
consumed by a continuously activated PWM control circuit 
section (which is generally implemented as an integrated 
circuit and called a "PWM switching regulator control IC M ) 
of a comparator in a conventional DC-DC converter, irre- 
spective of the magnitude of the power of a load, when the 
output power is low, and 

is characterized by including: first means for 
continuously activating the PWM control circuit section +* \ 
when the output voltage of the DC-DC converter is equal to 
or larger than a predetermined value; and second means for 
intermittently activating the PWM control circuit section 
when the output voltage is equal to or smaller than the 
predetermined value. 

[Field of the Invention] 

The present invention relates to a DC-DC convert- 
er of a PWM (pulse width modulation) switching regulator 
type, and more particularly relates to a DC-DC converter 
exhibiting a significantly improved conversion efficiency 
whan the output power is low. 

[Prior Art] 

A DC-DC converter of a switching regulator type 
is one of the DC-DC converters for converting a DC input 
voltage into a predetermined DC output voltage. Exemplary 
circuit configurations of the DC-DC converter of a switch- 
ing regulator type are shown in Figures 8 and 9. 
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Specifically, Figure 8 shows a voltage step up 
DC-DC converter for outputting a boosted input voltage, and 
Figure 9 shows a voltage step down DC-DC converter for 
outputting a dropped input voltage. Since these conven- 
tional examples are well known, these conventional examples 
will be briefly described. In the voltage step up DC-DC 
converter shown in Figure 8, a battery 51 is used as a DC 
input voltage source, a switching transistor 53 is turned 
ON /OFF by a PWM switching regulator control IC 54, and a 
capacitor 56 is charged with the current induced by a 
choke 52 via a diode 55, thereby obtaining a boosted DC 
output voltage. It is noted that resistors 57 and 58 shown*' I 
in Figure 8 are provided for generating an output voltage 
monitor signal. The PWM pulse from the control IC 54 is 
controlled in response to the monitor signal, thereby 
maintaining the output value at a constant value. 

Similarly, in the voltage step down DC-DC con- 
verter shown in Figure 9, a battery 61 is used as a DC 
input voltage source and a switching transistor 63 is 
turned ON/OFF by a PWM switching regulator control IC 64, 
thereby obtaining a DC output voltage, the ripple of which 
has been filtered by a choke 62 and a capacitor 66. It is 
noted that a diode 65 is a flywheel diode. 

[Problems to be Solved by the Invention] 
As the PWM switching regulator control IC of the 
DC-DC converter described in the Prior Art, a control IC of 
a bipolar type is frequently used. The control IC of a 
bipolar type has a wider operating oscillation frequency 
range and can be oscillated at a higher frequency (up to 
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500 Khz) as compared with a control IC of a CMOS type. As 
a result, the capacitance values of the choke and the 
capacitor in the main circuit can be reduced, and the 
conversion efficiency can be improved when the power 
supplied to the PWM switching regulator control IC is 
negligible because the output power is at a medium to high 
level . 

However, when the power supplied to the switching 
regulator control IC is non-negligible because the output 
power is at a low level, the conversion efficiency is 
extremely decreased. In a unit supplying power from a +* 
battery, in the case where the power is supplied to a load 
of about several mW to about several thousand mW and it 
takes a long time to supply the power to the load of about 
several mW, the battery power is wasted owing to the power 
consumption of the control IC itself. Thus, the control IC 
of the bipolar type cannot be regarded as a practical one. 

In view of the above-described problems, the 
present invention has been devised for the purpose of 
providing a high efficiency type DC -DC converter which can 
significantly improve the conversion efficiency when the 
output power is low. 

[Means for Solving the Problems] 

According to the present invention, the above- 
described objective is accomplished by the means recited in 
the claim. 

That is to say, the present invention is a high 
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efficiency type DC-DC converter of a PWM switching regula- 
tor type for obtaining a predetermined DC output voltage 
from a DC voltage source as an input power supply by 
controlling ON/OFF states of a switching transistor 
connected to the input power supply, including: 

first means for continuously activating a PWM 
control circuit section for controlling the ON/OFF states 
of the switching transistor when the output voltage of the 
DC-DC converter is equal to or larger than a predetermined 
value; and second means for intermittently activating the 
PWM control circuit section such that the output voltage of 
the DC-DC converter falls within a predetermined range when*' \ 
the output voltage is equal to or smaller than the prede- 
termined value. 

[Function] 

In the high efficiency type DC-DC converter of 
the present invention, when the power to be supplied to a 
load may be small, in order to solve the problem of the 
decrease in power conversion efficiency because of the 
increase in the ratio of the power consumed by a PWM 
control circuit section (which is generally implemented as 
an IC and called a n PWM switching regulator control IC" ) 
for controlling the ON/OFF states of a switching transis- 
tor, the control IC is made to perform an essential PWM 
control when an excellent conversion efficiency is attained 
with a medium to high output power, and is made to perform 
an intermittent operation when the output power is low, 
thereby improving the conversion efficiency. 

[Examples] 
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Example 1 

Figure 1 shows the first example of the present 
invention, which is an example applying the present 
invention to a voltage step up DC-DC converter and provid- 
ing a control device (CTL) for instructing a switching 
regulator control IC to disable/enable the operation 
thereof. 

In Figure 1, the reference numeral 1 denotes a 
battery; 2 denotes a choke; 3 denotes a switching transis- 
tor (Trl); 4 denotes a switching regulator control IC; 5 
denotes a rectifying diode; 6 denotes a comparator; 7 
denotes a capacitor; 8 to 14 denote resistors; 15 to 17 
denote diodes; and 18 denotes a Zener diode. The section 
surrounded by the broken line is newly provided as an 
additional circuit section, as compared with the conven- 
tional voltage step up DC-DC converter shown in Figure 8. 

Hereinafter, the operation in this example will 
be described. 

The control IC 4 starts the operation thereof by 
setting the control terminal (CTL) at a low level. Thus, 
when the output power is at a medium to high level, a 
signal C from a load is set at a low level, for example, by 
detecting load current or turning the switch, thereby 
making the control IC 4 perform a normal PWM control 
operation. 

On the other hand, when the output power is at a 
low level, the -signal C is set at a high level, thereby 
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making the control IC 4 perform an intermittent operation 
by using the additional circuit section. 

Specifically, the output voltage (Vout) is 
monitored by the comparator 6 by using the Zener voltage of 
the Zener diode 18 as a reference. As shown in the diagram 
showing the operating waveform in the first example of the 
present invention in Figure 2, when the output voltage 
decreases to reach V t , the output voltage (as indicated by 
a point b in Figure 1) of the comparator 6 decreases to the 
low level, the control IC 4 starts the PWM operation 
(generation of PWM pulses of several 100 Hz) and the output^ ^ 
voltage starts to increase. Thereafter, when the output 
voltage reaches V 2 , the output of the comparator 6 reaches 
the high level, so that the operation of the control IC 4 
stops . 

By making the control IC 4 perform an intermit- 
tent operation in this manner ( at a frequency of several 
100 Hz), the variations of the output voltage (Vout) can 
fall within a predetermined range (AVout). 

It is noted that the voltage values V x and V 2 are 
determined by providing hysteresis characteristics for the 
comparator 6. 

Figure 3 is a diagram showing a modified example 
of the first example of the present invention, in which the 
control terminal (CTL) for instructing the PWM switching 
regulator control IC to disable/enable the operation 
thereof is not provided. In Figure 3, the reference 
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numeral 20 denotes a transistor (Tr2) for turning ON/OFF 
the power supplied to the control IC 4; 21 and 22 denote 
resistors; and the other reference numerals denote the same 
components as those of Figure 1. 

In this example, the power supplied to the 
control IC 4 is turned ON/OFF, thereby making the control 
IC 4 perform an intermittent operation. 

Figure 4 is a drawing illustrating the effect of 
the present invention: Figure 4(a) shows a case of a 
conventional example (during a normal operation); and +* * 
Figures 4(b) and 4(c) show the cases of the present 
invention (performing a CTL control). In each of these 
figures, output voltages and current corresponding to input 
voltages and current and resulting conversion efficiencies 
are shown. 

Specifically, according to the present invention, 
the conversion efficiency when the output power is at a low 
level can be improved from 20-30% in a conventional example 
to 60-70%. 

Example 2 

Figure 5 is a diagram showing the second example 
of the present invention, which is an example applying the 
present invention to a voltage step down DC-DC converter. 
In this example, the section surrounded by the broken line 
is newly provided as an additional circuit section, as 
compared with the conventional circuit configuration shown 
in Figure 9. The reference numerals in Figure 5 are the 
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same as those in Figure 1. 

In addition, the operation of the additional 
circuit section within the broken line is also the same as 
that of Figure 1. As is illustrated by the diagram showing 
the operating waveform in the second example of the present 
invention in Figure 6, the output voltage (Vout) is con- 
trolled so as to vary in the range from V 3 to V 4 by making 
the control IC 4 perform an intermittent operation. 

Figure 7 is a diagram showing a modified example 
of the second example of the present invention, in which* 1 ^ 
the control terminal (CTL) for controlling the control IC 4 
to disable/enable the operation thereof is not provided. 
In this example, the power supplied to the control IC 4 is 
turned ON/OFF by the transistor (Tr2) 20, thereby making 
the control IC 4 perform an intermittent operation. 

[Effect of the Invention] 

As described above, the DC-DC converter of the 
present invention makes a control IC perform an essential 
PWM control when an excellent conversion efficiency is 
attained with a medium to high output power, and externally 
makes the control IC perform an intermittent operation when 
the output power is at a low level, thereby reducing the 
average power supplied to the control IC to 1/2 to 1/5. 
Consequently, the conversion efficiency can be improved 
from 20-30% to 60-70%. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram showing the first example 
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of the present invention; Figure 2 is a diagram showing the 
operating waveform in the first example of the present 
invention; Figure 3 is a diagram showing a modified example 
of the first example of the present invention; Figure 4 is 
a drawing illustrating the effect of the present inventions- 
Figure. 5 is a diagram showing the second example of the 
present invention; Figure 6 is a diagram showing the 
operating waveform in the second example of the present 
invention; Figure 7 is a diagram showing a modified example 
of the second example of the present invention; Figure B is 
a diagram showing an exemplary circuit configuration of a 
conventional voltage step up DC-DC converter; and Figure 9 
is a diagram showing an exemplary circuit configuration of 
a conventional voltage step down DC-DC converter. 

1: battery; 2 choke; 3 switching transistor 
(Trl); 4: PWM switching regulator control IC; 5: rectifying 
diode; 6: comparator; 7: capacitor; 8 to 14; resistors; 15 
to 17: diodes; 18: Zener diode; 20: transistor (Tr2); and 
21 and 22: resistors. 
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